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TECHNICAL MEMORANDUM NO. 712

THE SCHNEIDER TROPHY CONTEST*

By Alfred Richard Weyl

On September 13, 1931, the English flight lieutenant
Boothman received from his squadron commander Orlebar the
order to take the S.6B No. 7 and go out and win the Schnei-
der Trophy for England. Scarcely an hour later, Lieutenant
Boothman returned to report that the order had been success-
fully carried out with an average speed of 548.5 km/h (340.8
mi. /hr.).

This is not a paragraph from some fantastic novel of
the future, ‘but of an actual accomplishment. Thus one of
the most bitterly fought contests in the history ofavia-
tion had been brought to what might almost be called an un-
pretentious end. But for all that, the end marks a glow-
ing chapter of achievement for English aviation.

Some nineteen years ago - December 5, 1912 - the youth-
ful French sportsman Jacques Schneider, a relative of the
founder of the well-known Schneider-Creuzot concern, endowed
a prize to go to the cc);~.ntry tilat in tiiree successive inter-
national seaplane races remained victorious. The rules and
regulations called for yearly races, nationality of pilot
as entry of the respective country, aild seaworthiness.

The will of the donor,” entry r’”estricted to high sea-
worthiness, was - let it be remarked at the outset - not
complied with. Admittedly, a so-called seaworthiness “test
was stipulated in ever,y race. But being confined to rid-
ing, taking off, and alighting on calm, protected water,
it can therefore hardly be called a proof of seaworthiness.
Thus the entries in the various races were anything but
seaworthy.

Technically this limitation has certainly done no
harm, for it made the problem of the designer unambiguous
and the solution clear. Such limitations speed up and pro-
mote any development.
— —. ——.. —.-. -... ——..———

*“Der !7ettbewerb urn den Schneider-Polcal. “ Z.F,id., August
12, 1932, pp. 442-454; and August 27, 1932, pp. 477-483.
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SURVEY OF RACES

Table I is a surve:T of the time, place, and winner
of the various races. With the exception of the war pe-
riod, the races were held every year until 1926. Then it
was decided to hold them every second year because of the
almost prohibitive amount of technical work and money in-
volved.

Altogether there were t;~elve races. No decision was
declared in 1919, “because the sole entrant was not seen
on a turn, due to foggy weather. The 1924 race was by
agreement with the U.S.A. postponed because of the inabil-
ith of the other nations to havo their entries ready in
time.

Participants of the races were:

France - 1913 (winner), 1914, 191”9 (not started), 1923.

England - 1914 (winner), 1919, 1922 (winner), 1923,

1925, 1927 (winner), 1929 (winner), 1931 (winner).

Italy - 1939, 1920 (winner), 1921 (winner), 1922, 1925,

1926 (winner), 1927, 1929.

U@S.A, - 1913 and 1914 (French airplanes), 1923 (winner),

1925 (winner), 1926.

sWftz”erlalld - 1914 (French airplane~).

Germany - 1914 (Aviatik biplane; washed out before race) .

Germany never was much interested in these races, nor
in the development of racing airplanes; with the exception
of Claude Dornier.

F?ance never had much success, after 1914, in spite of
all its efforts. In fact, there never had been any really
serious attempt until 1926, when the French Government com-
menced to grasp the real significance behind these techni-
cal competitions. Nevertheless, they were unable to par-
ticipate before 1931. 111 that year Nieuport, Bernard, and
Dewoiti.ne were each to build a racing seaplane with two
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different types of engines, but the first practice flights
revealed their utter hopelessness compared with the speeds
of the English a,nd Italian entries.

Both England and Italy have evinced keen interest iri
high-speed seap~aa~s since tile war,” England had already
gained a,very signal victory in 1914, which exerted a last-
ing influenco on the war-time ‘design. (Compare the Sopwith
pursuit airplanes.)

America showed only a passing interest (1923-1926).
Following the defeat of 1926, the U.S. Goverilment declined
all further cooperation. This change was based upon the
completion of a well-defined building program. Even Lieu-
tenant ‘llilliams~ strenuous efforts failed to effect any
postponement.

All in all, the Schneider, Trophy Races registered no
marked technical progress until the respective governments
took an active,iaterest in tlie races. Up to 1923 the race
remained a field of activity for the sportsman and the air-
plane manufacturer. Techrlical development was slow, syste-
matic preparation a minilmum. The victorious Sopwith of
1914 (fig. 5), although specially built for racing, was,
after all, design”ed according to the specifications for
light scoutine seaplanes, used at that time by the British
Navy ● Tile entries from 1919 to 1922 were single-seat pur-
suit s.eaplane~ (fi~s. 6-9) . The engine power was raised
by higher ,coupression and r.p.m.

Real racing seaplanes did not appear until 1923, al-
though the attention of the Air Services of the U.S.A. had
been directed toward the development of racing seaplanes
as a basis for the design of iligh-speed military airplailes
as far back as 19190 The cilief sponsors of this movement
were t-he Curtiss airplane company. And so Curtiss sea-
planes were shipped to Europe as entries of the 1923 con-
test (fig. 10)0 They had been built at government expense
and were flown by U.S. Navy officers. The race revealed a
42 km/h (26 mi./hr.) higher speed of the U.S. entries over
the highest European entry. Karked. technical superiority
was t-he reason for this.

This acted as a stimulus for England as well as for
Italy. pursuant to a definite policy of development, the
English Air Ministry placed an order with the’ Gloster Air-
Craft Co., Ltd. which, ofi its own account, had already built
the Bamel racing landplaaes, and with the Supermarine Avi-

— .;,—
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at ion Compan~ wfi.ich, siilce 1920, had Successfully represent-
ed England in the races with its speedy IfSea Lionll flying
boats.

Tne Italian Air Uinistry also took over the develop-
ment of seaplane racers. Several firms, among then the
Italian branch of the Dornier, were called upon to submit
competitive ilesiflns. TIY~s, January 1924 saw the design of
a Ilornier mol~oplane racer which ‘nad all tfi.ecY~aracteris-
tics of the very promising Su~ermarine monoplane S.4, OZ
October 1925 (figs. 13, 14, and 15). Unfortunately, this
desi~ga Gfi Ge~*malitechnique never reached the building
stage. It already incorporated the refinements of the :,lod-
ern racing sa8plane; its superior qualities were revealed
in the wind tunnel and furnished without a doubt, many ‘ral-
uable hitits i’or the Italian racing adaplane design.

In 1925 the United States still had the start over
all other countries. The English Supermarine S.4 de-rel-
oped serious wing flutter, and had to %e withdrawn after
a forced laufltng. The Gloster 111 bipla.aes (~~l~. 15) were
oiviously inferior t~ the .4mericaa entries. - same a-9-
plied to the Italian Macchi M.33 (fig. 1’7) which, in ad~li.-
tion, were mounted wit-h a less powerful Curtiss D.12 en-
giae. Even the English metal propellers were considered
inferior by the Amcricaiis.

me 1925 race ended with a very close victory of the
Italian ~acchi X.39 (figs 18 and 19),, and was in no small
measure due to the excellent skill of Di Bernari!.i. It be-
came more and more evident that skill and especially, abun-
dant traininfl PlaYed a ~lecisive role in the piloting of
SilCh racers. With Ita13=ls victory, the technical advan-
tages of the United States were wiped out. Xngland could
not participate ia 192S, because the preparations could
ilot be co~]pleted ii~ t~me~

England also realized that tile flight training for
such races was just as important a9 tkle technical prepara-
tions. Heretofore, factory pilots had. flown the llnglish
racing. airplanes but the hi@ly tochnicql ability arid the
flight practice of th~se test pilots could never offer a
substitute for an intqnsive co-crse in training for such
races~ The result wa~ the formation of a special High
Speed i?lZght. Its sole fuflcti.on consisted in the training
of pilots and the testing of airpla:les for the purposes of
the Schneider race. T;~is or;;anization proved to be up to
the mark. It had military traini:lg; The personnel was
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supplied by the Air Ministry. Apart from the success in
the Schneider races, other extremely valuable information -
teciinical as well as. medical - was obtained and put to”
practical use. In agreement with American experience, it
was found that flying a racing seaplane is more difficult
for a seaplane flyer than. for a landplan? flyer. As a mat-
ter of record, ‘all Schneider races, sinco 1923, were won
by landplane flyers.

Whereas the Americans had already shown careful prep-
aration, the English in the coming races demonstrated an
exactness that is hard to beat in the selection and train-
ing of its pilots, which in no small measure was due to
the zeal and. application of Wing Commander - then squadron
leader of the High Speed Flight - A. H. Orlebar.

The races of 1927, 1929, and 1931 revealad England as
superior winner with its Supermarine low-wing monoplanes,
all designed along the same lines (figs, 4, 20, 30-35) .
The careful preparations bore abundant fruit. The races
were devoid of the spectacular. It was the calmly thought-
out plan that let England win, that gave England the victory
uncontested.

When evaluating the performances, let it be noted that
a comparison, limited exclusively to the winning airplanes,
yields no true picture of the status of the technique.
Many times it was not the speediest nor the most technical+
ly advanced type that carried away the prize. Quite often
promising entries had to be withdrawn from the race because
of some unfortunate circumstances as, for instance, t“he
fastest entry of the first race, flown by the German-Amer-
ican Weymann, in a Nieuport monoplane (substantially the de-
sign of our countryman J?ranz Schneider), was forced by a
break in a fuel line to quit after covering 240 kilometers.
The very promising Gloster VI (fig 30) was unable to enter
in1920”because of engine tk.ouble. At other times air-
planes crashed prior, tothp raced’ (e.g., Curtiss and Wright
biplanes, 1925-26,, Short I’Crusader,” 1927 (fig., 21). I?rance
and Italy both had several such nish.aps. In many cases the
real cause could be trac,ed to lack of preparation.

After 1926 the race had narrowed down to’ a duel be-
tween England and Italy. Their methods of technical de-
velopment followed two basically di:ferent lines. Great
Britain concentrated ,on,oae type of seaplane and one en-

,!
,
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gine, namely, the braced low-wing type of monoplane with
water-cooled engine. The biplane type later on was more
a matter of comparison. The design was under the juris-
diction of the Air Ministry, which also controlled the tech-
nical developinent without,. however, placing undue restric-
tions on the designer. The contracts stipulated design and
construction only in agreement with the Air Ministry. This
explains the uniformity in design of the English racers,

Italy evidently did not cooperate that closely. The
responsible officials shifted the brunt of the development
to the industry. Hence the different methods of attack
aad a greater multiplicity of types. Among them they de-
veloped promising theories for obtaining higher speed. The
dispersal of the efforts, on the. other hand, was followed
3Y a less perfect product of the individual types.

Thus , when Xngland finally won the Schneider Trophy,
uncontested, it had well earned the victory by systematic
effort concentrated to direct results. Italyls aims, on
the other hand, were ostensibly more with an eye to future
developments to insure a permanent technical superiority.
For, after all, the persistent endeavors for higher speed
did not terminate with the Schneider Trophy Race. l?uture
development will tell whether Italyts activity in this re-
spect was successful or not.

In contrast to the 3ritish, which dis%anded, their ~igh
Speed Xlight, Italy still carries on its expeririibnts with
racing airplanes. The next aim of the Italian Experimental
Branch for high-speed flight at Lake Garda is the world?”s
speed record. This branch is experimenting with several
novel racers. In one, a iiacchi twin-engine seaplane, Lieu-
tenant lTeri is alleged to have reached a speed of 745 km/h
(462.9 mi./hr.) over a 3 kn (1.86 mile) course in May 1932,
accordinG to newspapqr Tqports, The p,articwlar seap~aile
has two Fiat er.s~nes in tandem, developing 2,’750 hp~ each
at 3,300 r.pem., with only 50 liters (3,051 cu.in ) dis-

7placenent and 980 kg (2,160 lb.) weight (0.357 kg hp =
0.776 lb,/hp.).

Fra,uce also continues its experimentation with sea-
plane racers, S.ltilough no special perforimnces have beeome
known .

,.
Tor general flight techuique the Schneider’ race is of

much more significa~?.ce than me are wont to believe” here in

I
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Germany”. This assertion, is fully borne out by some state-
ments from various toreign experts@

As concerns the engine development of racing airplanes,
the Director General of the Rolls Royce, Ltd., has this to
say: “The development of racing engines has led to im-
proved design of every vital engine part. It will result
in longer life of the standard service engine t~es of the
air services.

Economically, high-speed engine development .is a sav-

ing, because much time is saved to attain to technical
~ perfection. In fact, it is safe to say that the research

for the Schneider race, carried on during the past two
years, is equlvialent to a normal development activity of
our Engine Section of from six to ton years.

Besides, the publicity for the superiority of British
products is not to ‘oe underestimated.11

Wing Commarlder A..EI. Orlehar, of the High Speed Flight,
in a speech tie.forethe Royal United Service Institution,
in March 1932, stated: IIWithout t-he stimulus of a Schneider
Contest, it would have been ail impossibility to get the co-
operation of all the experts. The knowledge was bought
cheaply notwithstanding all the cost. All progress levies
a toll in human lifo as well as in money, a fact w’hich is
usually overlooked.

One brief Antarctic expedition costs more than 2+
times as ,much as all the money expended here in England
for the Schneider race. The results of high speed are
surely just as useful to humanity as Polar research. The
Schneider Cup racing seaplanes point the way to higher
speeds in commercial flying.11

William Wait, Jr., one of the leading desigi~ers of
the Curtiss racers ~1920-1926) wrifies undisputedly, as fol-
lows: lt~ehear so much about the efficiency 0$ our Air
Serv”ices. This is not quite the case from the point of
view of the materials. According ,to reliable information
the Englis~ service airjlanes have a speed of well ”over
360 km/in (223.7 mi./hr.). Our service airplanes had high
speed so long as we kept on developing racing airplanes;
but no longer. This is not to be “construed as inability
of our designers, but rather as tile result of lack of means
to carry on the research work on racing se.aplanes.11
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The most powerful pursuit airplane of the U.S.A. was,
as is known, developed from the Curtiss racer. The world-
known Curtiss “Conquerer 11engi~~e is ,also a direct res~~lt
of the racing engine developnontc Mota]. propellers, in-
ternally sprung wheels, wheel brakes, wing ra,d.iators, and
many ot’her technical refinements aro tho fruits of tho
American. racing airplano dovoloprnent.

In the face of the technic:~,l gain, the objection of
al~ost prohibitive developmei~t costs does not “hold water.”
The 1927 race cost England, between 1925 r.nd 1927, approx-
imately 5,500,000 Marks, Italy is said to have spent even
more since 1923. For the 1931 ro,ce, Lady Houston donated .
2,000,000 Marks, This sun defrayed all expenses inciden-
tal to a,irplane and engine developmei?t. Two airplanes were
remodeled., at least three airplanes were built completely
nem, and shout six engines manufactured,

THE PILOT~S SIDE

‘ Piloting a racing airplane presents special difficul-
ties. On top of that the races must, in :iost cases, be
flown by pilots who =re not at all, or little used to very
high-speed flyir,g. The short life of the er~ginos permits \~
no extensive training. ~~ost raci~lg .airpl:;.nesare t-herefore !

patently not com:~letel.y developed fron the yoint of view \
of fli.gkt qualities~ That exolains i:~an~difficulties and ‘
accideats.

The pilots. in the Schneider race always emphasized
two objectionable features, ~a;i-,ely,il’~SUi’ficiellt visi~ili-

ty and annoyance from exhaust ,sases. Zzl t~lis respect the

bi~planes (as the Gloster IV aud thti Sv.poraarine S.4, for
instance) showed especially poor visibility, which wa,s the
main reason the British cha:]ged over to the low-wing type.
The dan~er of poisoning “by exhaust zas, wlhic-hma,y have
been res~ponsible for many otl~erwise unexplail~ed accidents,
has now teen removed hy a fresh air feed in the pilotis
cockpit.

With tne high take-off and landing speeds it is man-
datory that the pilot be used to them. ~o~~.ce,piloting a
racer stipulates a corresponding t~”aini~:g, as firSt reco~-
nized by tY.e U.S.A., and along wkich lines the English
High Speed Flight was organized in 1926. Italy followed
along similar liiloag 2heso trcini:i~: sec$ions nlso took

,+—. . . . .. .—. ..—.-,, —— ,
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over the flight testin,g of new racing types as well as all
other experimental flights. One,%mportag$. feature of..the

--’- tratnl’ng was” the teamtiork”of the selected pilots.

For the 1931 race the English pilots were” ,scho,oled in
the following order: Fairoy 111 Y biplanewith floats,,

... Fairey Firefly (one place) biplane, Gloster IV biplane,
Supermarine S.5 low-wing monoplane,, Gloster IV low-wing
monoplane., Supermarine S.6 low-wing morroplane, Supermarine
S.6A, Supermarine S.6B. Each pilot received. about 12 hoursl
flight training on raCing airPlEmef3a ‘:

The land flyers claimed that the most” difficult stage
in the training occurred when changing from the seq,~ice
a~ztplane to the Gloster IV bipl(ane. The instability eibout
the normal axis was especially disturbing in the Gloster
IV A and IV B as result of the raised upper wing for better
visibility. The high accelerations to which one becomes
only gradually accustomed, were likewise very disquieting,
But the take-off was the real difficulty, because of the
propeller torque at times making starting altogether impos-
sible, except by well-defined wind and wave conditioils.’
Waghornls report on take-off difficulties in the Superma-
rine S.6 is very pertinent (reference 1). The torque made
the left wing dig into the water, bringing the tip danger-
ously close to the water and swinging viciously to the
left. The drag of the floats was high. Take-off was not
exactly into the wind hut at 20° to the left and with rud-
der hard to the left in order to get her on the step. In
the air the S.6 wa,s said to be easier to fly and to be more
stable when stalled than t-ne S.5.

A. H. Orlebar expressed.. himselfi similarly (reference
2). when taking off the e“eaplane.~ould veer to the left’
until it gained sufficient speed to make the rudder” effect-
ive. In the early stage the pilot .is almost blinded by
the spray. There is absolutely nothill{~“to do except keep
the head down and start off to the right of the wind, hold-
ing the stick to the right and back and be ready to take
control as soon as the airplane gains way. Iq the latter
stages of the run the floats are subjected to enormous
stresses, and the V slla.pealzd strength of the floats in the
absence of shock absorbers are therefore Ve’ry vital fac-
tors. It takes almost 1,6 km (1 mile) to get off the wa-
ter (with the ,S.6) and anothor kilometer (.62 mile) before
the .ssaplane climbs comfortably. Once when the engine cut
out suddenly after just taktng off, the seaplane covered
about 4.5 km (2.8 miles) before it could be landed. From



10 N. A. C*A. Technical Mernorand.um No. 712

full throttle at 60 m (200 ft. ) it takes about 5 km (3
miles) to ‘pull Up. At 530 km/h (330 mi.~hr.) the S..6 flies
itself with hands and feet off.

When landing the S.6 the pilot has to approach at 240
km/h (149 mi./llr.). The speed drops slowly. The seaplane
touches the water very gently at stout 165 km/h (102.5 mi./
hr.), but the deceleration is very rapid. The pilot needs
to brace. his shoulders well back to prevent being thrown
forward and breaking his goggles on the board. ltOilyllsea
makes landing difficult. When the waves show whitecaps
(say a wind of 6.5 m/s = 21 ft./see,), it is too rough to
take off.

One of the first problems in the races wasj the most
efficient method of cornering. A tight steep turn at the
pylons produces in high-speed aiuplanes, high centrifugal
forces, which stipulate very high structural strength and
impair the efficiency of the pilot. According to _~aghorn,
trained pilots sui’fer be&e.e~5-.an.d.-~...~.tle&%s.~%fi~-fi--sight,
siarting with “olurred vision. He is of the opinion that.——— —.— ..—— .._,_________
the pilot does not lose consciousness but rather loses his

.......

quickness of thought and that if done repeatedly, has a
wtiakening effect, although H. E. T7imperis (reference 3)
disputes it. A. H. .Orlebar (1oc. cit.) states that in a
sustained steep turn the first effect is a feeling of
tightness around the neck, then a blurring of sight, and
finally, 31ac&ing out. As soon as the airplane is straight-
env5+.out, these sensations vanish. There are no after ef-
fects. ~iost Pilots .see–hl.ack _a.t.5 g iy..,.a,....,at.,a.lg_edturnj
although different pilots can withstand different amounts
of g. In the High Speed Flight it was a point of honor
to confess-if one felt unfit, Six of the twelve flyers
were nonsmokers aad teetotalers. It was advisable to wear
a loose collar. Elastic belts had been tried but had
proved useless.

Loose turns at, the pylons mean greater distance flown
and lower average speed.

The Italians preferred in 1927 and 1929 a climbing
turn (half loop followed by ro].ling out on top), utilizing
the height gain of about 200 m (650 ft.) to increase the
speed on the straightaway, This method of cornering al-
though very spectacular, was not as efficient as that of
the Witish.
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Elaborate theoretical studies led the British to con-
cl,ude’i,n1926 ..(reference 4) that a sustained, not unduly---
steep turn with no loss or gain of height, would be most
efficient. Radius of turn and bank were so chosen that
the acceleration did not exceed 5’ g. This yielded turns
with about 50° bank. The best possible average speed was
defined at about 9’7percent of the top speed in level
fli~ht. The investigations also revealed that the, gain of
mean speed becomes less with increasing acceleration.
Consequently, circling the pylons in steep and tight turns
presents no appreciable advantage.

Conversely to these theoretical studies, flight meas-
urements on high-speed single-seat pursuit and racing air-
planes have shown that not the turn without chango of
ncight but the curve with minimum gain of height, yields
the best average speed. Airplanes with very low power
loading h=va a tendency to climb at the commencement of
tho turn. If this height chango is counteracted by the
rudder, there is quite an approciablo loss of speed in rac-
iilg airplanes. The best compromise is afforded from free
flight rneasuroments, as practiced by tho British for the
1929 race for defining tile best radius of turn, accelera-
tion at each point of the path of turn, and best dynamic
pressure. The radius of turn of the S.6B in the 1931 race
was estimated at around ’700 to 750 m (2,300 to 2,450 ft.),
tne flying height on the straightaway at about 120 m (394
ft.). The best turns with the S.6B were flown at around
’730 m (2,395 ft.) radius, and at 560 km/h (348 mi./hr.)
speed indication, according to Orlebar; then there are no
unpleasant e~fects.

High speed with its attendant accelerations, and the
unusual landing speeds, together with the difficulty of
taking off from water, always involve “greater ‘hazards.
Added to that were the very limited practicing facilities
in most cases. But in spite of all that the Schneider
races remained without fatal accidents, although there was
no lack of serious mishaps. Airplanes caught fire in the
air, others developod propellor trouble, wings and tail
surfaces showed signs of flutter; there were forced land-
ings due to exhaust-gas poisonfng, o,rblinding caused by
leaking fuel or lack of fuel. Most races had some acci-
dental. In most cases they were trifling. The preparatory
stages of the races, on the other hand, took a number of
valuable human lives, particularly during the pra”ctice
trials. Rut these accidents woro not in vain: technique
and science were able to gather much useful information.
In this respect also the Schneider Trophy Race can in no
way be classed among tho ordinary airplane races-
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., SURVEY OF ENTRIES

The development of the Schneider Race entries is sim-
il,ar to that of the racing landplanes; from braced roono-
plane to braced’ biplane, then to cantilever monoplane and
back to traced monoplane,

Admittedly, the 191.3 mono~lane (fig. 3) is in no wa,y
like the modern raciilg monoplane. The bracing system
shows in place of the numerous cables a few but very care-
fully streamlined wires. In s?itc of uore than twice the
total weight, the wing area is only a ~?ortion of the orig-
inal size. The contour of the wing corres’oonds to the ad-
vances made in t-he science of flow researc~.

The first law for the racing airplane is the elimina-
tion of all avoidable drag. All climensions are kept to a
minimum.

There has leen a radical change in the flotation gear.
The plunp, three-float gear with two small, mostly un-
stepped main floats and a tail float, is now rePlaced by
two long, single-step floats of most carefully clesigned
form. Aerodynamically and hydrodynamically the floats
have been very much improved. Instead of nine struts, the
flotation gea,r now has four.

Even if the 1913 desi<;ner had h(ad a (~odern racing ea-
gine, he would never ‘have tiecn able to reach the speeds
which to-day are looked U-POT.as ordinarj’. ~

As compared to 1913-14, the wing loading is five times
as high and the horsepower per square foot of wing area 30
times as hi<h, wilereas the power loading is nom about one
seventh of the original figure. The eil~ines of 140 and 70
horsepower then, have risen to 2,300-2,600 horsepower.

In spite of more than twice the total weight, the air-
plane dimensions have become smaller. One remarkable feat-
ure is that all ‘racing monoplanes since 1913 have practi-
cally the same aspect ratio, nauely, around 6*

The largest factor in the speed increase between 1913
and 1931 is, unquestionably, the rise in engine power.
The speed diagram (fig. 2) manifests a relationship of the
3d power of engine horsepower. It follows fron this that
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the development of racing airplanes hitherto followed the
same high-handed and ,Weconornical method MI in the other
mo’tor vgh-icleb ‘“(automobiles, motor boats, etc,). But this
fact is neither a reproach nor a’ reason for pessimistic
interpretation of the “growth in speed. The technique of
flight still offers the engineer many new avenues of attack.

Even though the winnem since 1926 have been with
braced low-wing monoplanes, t~LiS is nO sign Of thO\r supe-
riority. IIxperien”ced designers still maintaim that supe-
rior biplanes could be built,

Since, as already mentioned, the induced drag of a
racing airplane is without significance, a comparison of
the wing structure forms need not go beyond the static
side of it. In this respect the multilane appears, ordi-
narily, to have the advantage.

T3e cantilever monoplane never was looked upon with
favor, and this design was soon abandoned. The transition
to the wire-braced type was evidently brought about by the
wing flutter rather than for any static-aerodynamic rea-
sons (wing weight, profile drag) . This change led to the
low-wing, with drag wires attached directly to the fl~se-
lage, the lift wires at the flotation gear, lower landing
speed (ground effect) , and improved visibility.

The wing of the modern racer is a semi-thick (about
8 percent of the chord) section (fig. 37) caml)ered on top
and bottom. Fully symmetrical sections are very seldom
resorted to. Thin sectiozis never did fiud favor, in spite
of t-heir lower profile drag.

,.
The flying boat as racer has almost disappeared since

1923. Apart from the power plant, it should be possible
to design one with just as low frontal drag and just as
satisfactory aerodynamic qualities as tho float type sea-
plane. But a direct propeller drive demands an engine out-
side of the hull, which means greater drag. The British
made an attempt in this direction with their Supermarine
in 1924, but gave it up as hopeless because of seemingly
insurmountable difficulties involved in the gears. A more
recent design of a twin-engine flying boat wit-hdiroct-
driven propeller is that of I)ornior (fig. 36).

Another original, but unsuccessful, design.was that
of the Italians in 1929,” in the Piaggfo P.7 (figs. 31 and
32), which had no floats, (the fuselage acting as main
float) .
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There were no multi-engine entries in the Schneider
races. France, and more recently Italy, have developed
some twin-engine racers. The fastest Italian competitor
in 1931 was, allegedly, the twin-engine Savoia, but it did
not fly in the race,. Dornier pu%lished in 1928 designs
for a twin-float racer with engines in tandem (fig. 25),
similar to the Italian Savoia S.65 of 1~29 (figs. 26 and
27) .

The latest and most promising design of Macchi is a
monoplane with two engines joined together end-to-end, the
propeller shaft from the rear engine lyin~ in the Vee be-
tween the front unit cylinders. The propellers rotate ili
opposite directions.

The very same method had been used back in 1912 by
H.ellmuth Hirth in the Rumpler llTaubellfitted with
hp. Argus engines, It is quite remarkable that a
forgotten, apparently unfit, design again becomes
t3st after 20 years.

Since 1923, the flotation gear of the modern
(table III) consists of two long, stepped floats.
the influence of the Schneider Trophy Contest has

two 100
long-
the lat-

racer
In fact,

been par-
ticularly noticeable in the advanc~d- float design, whic~
otherwise it would have taken years to achieve, Take-off
and landing speeds of the modern raci~l~ seaplanes are in
tile neighborhood of 200 km/h (125 ~i./hr.), which is far
beyond any other form of water craft.

Single-float landing gears were never tried on racing
seaplanes. The necessary su:jport floats evideiltly induce
such hig’h frontal resistance as to make this type useless.

One particularly disturbing feature in racing sea-
planes is the effect of the high torque reaction of the
propeller. The propeller torque renders taxyii~g and tak-
ing off difficult and must also be taken into account in
flight. The performance loading of modern racers is slight-
ly more than 1 kg/hp. (~~2 lb./llp.). Span and float spacing
are small compared to propeller diameter and propeller disk
loading,, while the ~ropellor r.p.n. has decreased rather
than, increased.

At take-off the torque reaction becomes an added load
on one float. The consequeilce is an inclinatioil of the
wing and an abrupt turning of the seaplane a.t a time when
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the controls are still ineffecti-ve. The 1923 Curtiss rac-
ers therefore used a weight balance in the float. The
float, ligh”ten’ed by ‘the.torque reaction, w-as fitted with
an additional weight in the form of a fuel tank.

Subsequent developments revealed the inadequacy of
tilis weight balance for larger engines and the same dimen-
sions. As u result, the more modern racer has a flotation
gear in which th’e float loaded additionally at the takeo-
ff is farther away from the ~lane of symmetry and, in ad-
dition, larger than the unloaded float (resistance bal-
ance) ● 3ut even these measures did not always prove suf-
ficient on all racing seaplanes. Thus the propellers of
the Supermarine S.6 B had to have a diameter greater than
th6 optimum figure, because at take-off with smaller pro-
pellers, it was impossible to keep the seaplane on the
course, thus making the take-off altogether impossible.*
The greatest obstacle of the modern racing seaplane evi-
dently seems to be smooth lift-off without unduly long
run. The take-off requires, in fact, a technique all by
itself, entirely different from that used for service air-
planes. This difference may not be quite so great in land-
planes - at least, thero never has been any special men-
tion of take-off difficulties with racing landplanes,

It was left to the Supermarine S.6 B, with its mark-
edly symmetrical flotation gear, to prove the :possibility
of smooth landing with perfect weight balance. The rules
of the 1931 contest stipulated a seaworthiness test imme-
diately before the start of the race, comprising take-off,
landing, and taxying in a circle on the water. That meant
a landing with full load of fuel for the 350-kilometer
course.

The torq,ue of the geared-down ongino** in the S.6 B
attained to “940 m kg (6,800 ft.-lb.) at take-off. The
left float had an additional load of 450,kg (992.08 lb.);
it is 170 mm (6.69, in.) longer than the right float and
‘its eccentricity is about 250 mm (9.84 in.) (for a float
spacing of about 2,300 mm = 90.55 in.). Besides, the, left
float contained from two to three times as much fuel as
the right float.

. . . ., ,... . .

*Various prolni~ing entries were frustrated by take-off
difficulties. So the Curtiss R 3 C-3 with a Packard en-
gine .(1926) is said “to have been practically uncontrollable
(reference 5) .

**For 2,300 hp”. engine power.

.

.—,.... . . .. ....---.,— . ...——— .—
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LIFT AND DRAG

There are two typical signs of progress in modern
racing airplanes, namely, lower air resistance and in-
creased horsepower per square foot of wing area. The
first denotes a more perfect airplane design from the
static as well as the aerodynamic point of view. A 10w-
drag coefficient is indicative of great economy.

~ high horsepower-area ratio is obtained at the ex-
pense of low power loading and high wing loading. So that
the power-area ratio is primarily a problem of engine de-
velopment ~ and secondarily, a question of admissible take-.
off and landing speed when standard airplanes are used.

A third factor is the propeller efficiency. For,
strictly speaking, the thrust output power of the propel-
ler should be referred to the wing area rather than to the
engine power. So long as propellers with fixed pitch are
used, the propeller efficiency of the racing airplane has
a comparatively low limit. Propellers with optimum effi-
ciency and high speed canunt be used, because the corre-
spondingly high pitch would make the take-off almost im-
possible. TO be sure, the d.ifforenco between serviceable
and optimum pitch in metal propellers has heretofore never
been so great as to mako variable pitch propellers abso-
lutely necessary. But future developments will have to
resort to this expedient. It is significant, at any rate,
that most trial flights with the newer racing seaplanes
included propeller tests.

There must have been discrepancies in propeller effi-
ciency when - contrary to the model tests in the wind tun-
nel - the high-speed figures of the Supermarine low-wing
ty-pes between 1927 and 1931 showed a persistent decline
(from ~/cw = 20.2 to q/CW = 17.8). Here the high-speed
figures offer a good basis of comparison, tecause the Rea-
planes are very much alike and engine power and speeds rep-
resent reliable figures-

Unfortunately, no detailed test data are available
other than those of the British, and they only cover the
year 1927 (rcferenco 6). The 3ritish program followed a
very systematic schedule, but they have been rather reti-
cent about p-~blishin,g their latest data. For oxamplo, take
the test data published on the Supermarine S..5 low-wing
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monoplane (No. 19 in tab,le II, ,fig. 20). On the basis of
very carefully made investigations a propeller efficiency

.> Ofq= 0..7 may be as suued----+The optimum’ eff icien-cy was
estimated by the British at ~ = 0.835, * although never
reached with the employed propeller for stated, reasons.

PARTIAL RESI STANCES

IIwith our assumedly practicalThe Ilhigh-speed figure
propeller efficiency yields a drag coefficient for, the
seaplane in the neighborhood of Cwmin of

Cw = 0.035

This figure is in close agreement with the wind-tunnel data
of

Cw = 0.0346

Ho~ever, this accord may be accidental. For the much high-
er characteristics of the seaplane in flight the coeffi-
cients are per’haps lower, but the resistance in the slip-
stream is therefore greatero**

It is of interest to estimate how this total drag is
distributed. The induced drag of the wing is of very lit-
tle influence, because the s~~plane flies with very low
lift coefficients. For the case in point

Ca = 0.137 (a = 1.8°)

or
Cwi = 0.00095

induced drag coefficient, i.e., ah” induced drag of 2.7 per-
cent of the total drag. Wings with greater aspect ratio,
are therefore without significance, as far as speed increase
is concerned.

—. ——

*The optimum propeller efficiency of the Supermarine S.6
at top speed is ‘fI= 0.78, according to a diagram by E.
Holroyd, (reference 7). ‘ - ““ ““

..,,

**Careful U-.,8.flight tests revealed Cw =“ 0.04 for the
Verville CPR-1 and Cw = 0.544 for the, Fokker’ D VII.
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But for the entries of the first Trophy Contest the
conditions were different. For the 1913 winner (No. 1,
table II), the lift coefficient in the contest was

Ca = 0.96

the induced drag

Cw i = 0.044,

or an induced drag of about 20 percent of the total drag.
These seaplanes can no longer be classed as racing sea-
planes. Their range of maximum speed was far removed from
the angle of attack corresponding to the minimum drag co-
efficient; the obtained ‘Ihigh-.speed figures ‘ttherefore of-
fer no basis of comparison.

According to a new G~ttingen interpolation formula
(Ergebni sse der Aerodynamischen Versuchsanstalt zu Ggttin-
gen IV, p. 2’7)

the surface friction for a

Vt
Y = 11.7 x 10s

Reynolds Number may be assumed with a coefficient of fric-
tion (referred to wing area ) of

cwFfriction = O-130552*

The frict~onal drag of the S,5 wings at V
/

= 453 km/h (281.5
mi. hr.) t-hen amounts to 58.5 kg (129 lb.) or 16 percent
of the total drag. Hence the effect of skin friction must

not be underestimated in racing seaplanes. This leaves for
the form drag of the S.5 wings a coefficient ‘of

CWF form = 0.00313

*A wind-tunnel test on the model S.5 wing revealed for a

Reynolds Number 4.5 X 105, a friction coefficient of 0.00984
(R. & Ii. No. 1299, table 127). 3ut extrapolation is not ad-
missible because this Reynolds Number is still within the
transition zone between laminar and turbulent flow, accord-
ing to L. Prandtl.

—., —.—.——. ..,.... .—. —.— — . . . . ... . . -—.,.—.-. -,-----
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Compared with Schrenk,~s (reference 8) profile drag
studies,, the .3,&ovQdrag, coefficients are acceptable. ,Ac-
cording to him (1oc. cit. table 111] coefficients” of the
order of magnitude of

Cwprofile = 0.006

were to be expected. The profile clrag coefficient

= o..ooa65Cwprofile .

obtained for the S.5, is ostensibly about 44 percent higher*
which may, perhaps, be explained by the influence of the
air flow on the wing as “a result of the bracing wires, The
influence of the slipstream may also ilave some significance,
particularly since Schrenk~s investigations ilad, as known,
been made on a cantilev~r wing without slipstream effect.

But closely agreeing with Schrenk, the skin friction
of the S.5 is substantially hi~her than t“he pure form drag
of the wing. Tile R.A.F. 30 airfoil (fig. 31) is very sym-
metrical. The skeleton line of the profile is a straixht
line. The form drag of the wing is only 25.6 percent of
the profile drag, whereas the skin friction is no less than
74.4 percent.

RESIDUAL DRAG

For the pa,rasite resista~~ce of fuselage, flotation
gear, control surfaces, and bracint; system the residual
drag coefficient of the S.5 is

or no less than 72.5 percent of tile total drag, About 17.5
percent of it is attributable to increased drag due to mu-
tual interference. English measurements reveal that the
greater part is due to the system of bracing. Consequent-
ly, the sum of the individual drag quotas is ,17.5 percent
lower than the actual drag.

—. ..——... —.——.-—-.-——.--—..

*For comparison the profile drag coefficie:at for tho S.5
was conputed with R. ~i~ Upsonls e~pirical formula (for
VL— = 3.5 x 106v Reynolds lTumber). Tho result was

Cvprofilo
= 0.0095. (S00 rcferenco 9.)

,,,, .,. .--. -—.. . ...——.. .. ,—-. .. -. . - .-—.
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On the Supermarine S.6, the drag quota due to mutual
interference is 1S.4 percent, while measurements on the
Sperry Messenger sport biplane disclose at 160 km/h, ac-.
cording to R. E. Upson (1oc. cit.), an additional drag
due to mutual interference, which amounts to 23.5 percent
of the total drag~

The drag quotas, according to British wind-tunnel
tests are:

———

Bracing system

4 struts

2 floatS .
.—

Fuselage
Vertical
tail sur-
face

......——-..-.——— —

Horizontal
tail sur-

face

0.00246

0.00675

0.00580

.—— ———

0.0C268

——.

19.5 21.4

17.8

16.7

2.3
-.—..—-

7.75 3.4

.-—.

+ 1;6
—. --

- 0.6
—.

- 1.9

,.———..-—-.—

According to this the mutual interference sets up a
drag of the order of the body drag. The wing drag of the
S.5 and of the S.6 was approximately the same (27.5 per-
cent against 27.7 percent).

The separate drag quotas of the S.5 are of particular
interest. The fuselage length is 6.36 n (20.37 ft.), with
a maximum width of 505 mm (19.9i’.) , and maxinnli~height of
94o mm (37 inn.) (tho faired cylinder cowlings included;
SCC figs. 38 and 39) and is of oval section. The naximum
bulkhead area is 0.48 m2 (5.17 sq.ft.), the total fuselage
area 12.6 m2(135.5 sq.ft.), and the total volume 1.57 ms
(55.44 Cu. ft.), inclusive of the fin.

The drag of tho comploto fuselage, relati’vc to maximum
cross section is

Ct = 0.128
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About 67 percent of this is perhaps due
tion, thus leaving. .

Cf I = 0.043

for body drag.

According to measurements the drag

MO. 712 21

to surface fric-

for the bare fuse-
lage minus vertical tail surfaces was only

c = 0.10’7,

w“hich certainly attests to t-he aerodynamic qualities of
modern racing airplanes.*

The notable feature of the 1925 Supermarine S.4 was
its still lower drag coefficient

despite its 85
percent higher

According
of the Curtiss

c = 0.082,

percent greater maximum bulkhead and its 47
drag than of the S.5 fuselage (fig. 38).

lxxMcKinnon 1700d and Glauort, the fusolago
CR 3 (fig. 10) has a drag coofficiont of

c = 0.21 to 0.25

for a maximum bulkhead of 0.65 m2 (7 sq.ft.).

.— -— .— .-—

*E. Ower (Jour. Roy. Aoro. Sot., July 1932, p. 535) states
that a streamline body equivalent to the fuselage has a
turbulent frictional drag of

Cr = 0.00144
or

“( )
092

Cr = 0.037’ ~
v L/

According to that, about 5 percent of the total seaplane
drag would be surface friction on a bare, perfectly” smooth
fuselage such as the S.5. In reality, the skin friction
of the complete S.5 fuselage, inclusive of fin, should be
estimated at around 11 percent of the total drag. A fur-
ther 6 percent of the t’otal drag is therefore caused by
the body drag of the corrpleto S.5 fuselage.

L- .
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The following tabulation” ”sliows the maximum
sections of various “racers:

FUSELAGE SI!CTIOi?SAT HAXIMUM BULKHEAD

Seaplane type

Supermarine ‘lSea Liont’
flying boat

Gloster 11. biplane

Gloster III ‘t

Curtiss CR.3 11

Supermarine S.4 monoplane

Curtiss R3C.2 biplane

Gloster IV II

Supermarine S.5 low-wing
monoplane

Short llCrusaderll low-wiilg
monoplazie

..-——

fuselage

Cross-sectional area (m2)

1.17

9.95

0.95

0.65

0.91

0.61

0.50

0.48

0.59

(m2 X 10.7639 = sq.ft.)

The reduced drag between the S.4 and the S.5 is pri-
marily due to the reduced cross sections.

The f’lost drag of the S.4, relative to t’he maximum
hulkilead area, was

c = 0.115

by 0.342 mz (3.S8 sq.ft.) maximum bulkhead and an excess
lift of 55 percent of the total weight as compared to

c = 0.118

for the S.5 (table 111) with a maximum bulkhead area of
Oilly C)*295 ln~ !3,38 Sq.ft.). !?he result was a 11 percent
lower float drag. ‘17~efloat area of the S.5 was 8.95 m2
(96.34 sq.ft.) - the excess lift abo:.zt4? perCent of the
total weight.

Tke four float sup:port struts of the S.5 of R.AQF. 30
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form gave a fineness ratio of 4:1. Tho
strut.,relatiyc to strut diameter wag

c = 0.0796

ht a Reynolds Num%er of 5.26 X 106.

~~0. 712 23

drag of a single

Originally of pisciform section, the streamlin~’br~~ce
wires on the S.5 were replaced by such of lenticular form
after wind-tunnel tests had shown the latter to be more
propitious, with a drag coefficient of

c = 0.80 to 0.40,

at very low Reynolds Numbers.

Beginning in 1928, the S.6, S.6B, and Gloster VI were
again fitted wit-h stroamlino section wires hecauso of t~.eir
superiority with a 22 percent lower drag than those of len-
ticular section. Admittedly, these wires must le finished
by hand to insure satisfaction.

The cinematographic records taken of the landings of
the S.6 revealed 143 km/h (89 mi./hr.

i
as best landing

speed with an angle of attack of 11.6 . The accuracy of
these measurements was within *2 percent. Tunis gives a
maximum lift coefficient of the seaplane of

caL = ]..3’7to ~L = 11.6 0 (reference 10)

Wind-tunilel tests on the S.5 wing having R.A.Sl. 30 wing
section (reference 11) showed

c~ = 0.83 at c1= 1.1.6°

Camax
= 0.96 at a = 15°

or Ca = 0.92 at a = 11.6° after allowance for ground
interference. For the whole s.eavlane the lift was c. =
1.09 (inclusive of allowance
nolds lTumber from comparative
wing section).!

fo~ ground effect and ~ey-
measurernents on ROA.F. 30

,,..--.-— -..
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The maximum lift, according to the ;fieasurement on the
complete seaplane moclel was reached at around a = 19°.

The not inappreciable discrepi~icy of Aca = 0.28 in
lift coefficient between flight neasureucnt and ce.refully
corrected model test is perhays attributable to slipstream
effect,*

On the basis of tho moasurernents, the choice of wing
section for the S.6 fell to one givin< the maximum lift
coefficient at ~ = 140. Tile fact that racing airj?lanes

(UP to 12.6°, according tolancl at cornpara.tively low a _
measurements) , ‘o-le of attack range whichproves that tile a,.-,
is available for purposes of landi:l~, has not ‘~een fully
utilized hitherto. The 2agli.sh wiild-tunnel tests on rac-
ing seaplane models rovoaled a delayed separation of the
flow at high angles of attack as cor,lpared to wing models.
Apart from that, it was precisely at hig;h mnEles of attack
th,at the lift of the nonlifting parts was perceptibly felt.
To illustrate: the model of the G1.ester IVobiplane showed
a critical a = ~~o in contrast to (X=13 ~or the mod-
el wing. Tho behavio~ of the Short llCrilsaderllwas very
peculiar. At (x=18 and Ca = 0.85, a separation of
flow, i.e., a lift decroaso, T,7FLSnoted; hut as a in-
creased the lift did not disappear in tho same measure as
co-mmon for airplane wings, but grailually increuscd again
to ca;~a~ = 1.2 at ~ = 35° to 40° (uncorrected model

figure). The floats and “the c~”li~der helmets are large
contrilnztory factors to tkese lift coalitions, as also is
the comparatively small as~]ect ratio of tl~e wings.

T~le lift of the seaF~lanc in flight most likely re-
veals a similar belhavior, from Which it may be concluded
that with racing airplanes especially, a nl.tch,lo~,~erland-
ing speed is obtainable when effected at greater an~;le of
attack. The remarkable extended speed range of high-speed
airplanes may ‘oe assumed as attestation to this surmise~

When interpreting the fieasuroments it should tie boi*i10
in mind that the S-5 is said to develop very disagreeable
stability conditions (tendency to suddenly go into a s:~ii~)
when apioroac’hili~the critical an~le of attack (stalling).

.—.——— .——.. —.——--—.—.-..—-...—— -.— —

*Englislh measurements on t-heIlokker 1? VII commercial non-
opla,ne show a discrepancy of only ~ca = 0.1 (reference 3.2)
between nonrunning and running ei~gi~l~.
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As concerns the drag conditions, the graph (fig. 2)
qnd table II manifest that thoro is no. longor any diffor-
enc”~ between la.iitplanes and seaplanes, although there was
considerable in 1923, on acmount of the high float drag.
For example, the identical Curtiss army racer CR 2 with
the same engine but fitted with landing gear, reached. a
speed of 331 km/h (195 mi./hr.) over a 250 km (155.3 mi.)
course in the 1922 Pulitzer Race which, in the 1923 Schnei-
der Contest, fitted with two floats and with 55 kg (121 lb.)
more fuel load, reached a speed of 285 km/h (177’ mi./hr”.).
The 13.5 percent speed loss in favor of” the landplane
proved therefrom has, however, disappeared to-day, thanks
to systematic measurements.

Figure 2 likewise shows some speed records. It is
seen that these, however, can make no claim as suitable
basis for checkinp;, For one thing, the accuracy of even
the very latest photogramrnetric methods with an accuracy
of within 1/20 second over a 3 km (1.86 mi.) course, is
far from being as great as the timing over a 350 km (217.5
mi.) closed circuit. Iioreover, tho distanco is not flown
at steady speed. Prior to ciltcring tho course tho pilot
attains altitudo so as to insure a maximum acceleration.
Tho result is a much higher top spood than the actual top
spood in unaccelorated .horizontral fl.igt.t. Contrariwise,
the measured figures of tho Schncidcr races are much more
rolirablc. The measured spcod.s - owing to the 10SSOS in
coriiering - :.~rea:flproxinatoly from 3 to 6 porcont lowor
than the true maximun spcod in unncccleratcd. lCVC1 flight.
This spocd. loss is about th.c sr.rncfor all seaplanes. 311t
there is yot another, more substantial error which equally
results. in an unduly low estimation of the true top speed.
and that is that several of tb-e newer racing seaplanes
could not be flown at full throttle during the whole race
because of insufficient cooling. In fact, the English pi-
lots of 1929 and 1931 stated that they literally flew the
race according to the cooling water theruorneter, i.e.,
throttled the engine so as net to exceed the maxinum pcr-
missiblo cooling water temperature.

In any case the average speed of the Schneider races
was therefore somewhat less than the true top speed.

A fair average for modern racing seaplanes’ of stand-
ard type, according. to figure 2, is found from the empir-
ical formula

vmax = 1022’

,,-. .-— .,---. -—..- .- .- .—.-. . —-
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wherein Vma. is expressed in kilometers per hour, N =

engine output in horsepower and F = mi.ng area in MZJ*
This approximation bases modern racing seaplanes on a
“high-speed fi.gurellof

~/c~ = 19.5 approximately,

whi Ch , as the graph reveals, is fairly accurate for land-
planes and seaplanes in high-speed flights over greater
distances. On the other hand, the worldrs speed records
over a 3-kilometer course do not lend themselves to such
averaging.

The racers of the Schneider Contests woro designed
solely for high-speed work at low altitude. In spite of
that these seaplanes with their 10’w power loading have at
times revealed climbing speeds which are far beyond any-
thing developed by service airplanes. Thus the Glostor
VI (see table II) had a speed of climb of 26.8 m/s (87.9.
fto/sec.) near ground level. The American entries also
showed remarkable climbing power.

Under otherwise idential conditions, the ta;ke-off and
landing speeds of the different seaplanes were widely at
variance. The take-off difficulties due to torque react-
ion nave already been poiutecl out. Then there is the
propeller thrust during taxying#* the hydrodynamic quali-
ties of the flotation e;ear, and above all the training of
the pilot. Careful float design conformable to towing
tests has lowered the water resistance considerably and
the tendency to porpoising ~Th~ilapproaching the hump speed.

——.—.—. ———.——.——z.. —

*L. Hirschauer, in his report (reference 13), attempts to
set up a similar approximation for the speed performance by
means of his IIqualityll factor, which corresponds to the
German “distance figure” (v/c). With an assumed average of
q/c = 3.0, his approximation is v = N 810 3T/G. But the
agreemeili with experience is not as satisfactory as by our
ap~proximation method, as seen when comparing the “distance
figures” in table II. The comparison with equal high-
speed figures is less objectionable. Besides, the horse-
power in Hirscllaue?%Deperdussin airplaile, which he used as
illustration, should read 140 hp. effective performance
instead of 160 hp. rated. outi>t~t,that is, q/G = 3.2 in-
stead of V/C = 3.0.
**The nropeller efficiency at naxiuum hump speed (on take-.
off) is about ‘q== ().08.

Ill
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In this respect the floats on the S.6 B aro claimed to bo
much superior to those of t-nc.Si6.

., ,“
Static thrust tests on the Gloster III 3 biplane with

direct-drive Napier-Lion VIII engine developed 601 hp. at
29600 r.p.m~, a thrust of 375 kg (827 1~.) for a propeller
of 2,050 mm (5.75 ft.) diameter, and 38 pitch at 0.7 ra-
dius . Another propeller of the same” type but with approx-
imately. 37° pitch, was unsatisfactory for starting (refer-
ence 15).

,.
IrI contrast to this the S.6 A (modified S.6) and the

S.S 3 (subsequent development of S&6) showed a much cleaner
float design and a much quicker take-off despite the much
higher take=off speeds. The longest take-off of the St? B
was 43 seconds at the time the world~s record was estab-
lished with a propeller of higher pitch. The quickest
take-off of the 1931 Schneider Race was 17 socondsi The
landings are as a wholo more uniform, rangiag from 18 to
20 seconds for the S.6 3. The longest take-off was that
of tho S.6, with an average of 60 socondso

The Short llCrusador 11had a quick take-off, iio., 8
seconds, with full load. Tho take-off for the S.5 and the
Glostor IV 3 ranged from 15 to 32 secoilds in a slight
breozo; that of the hlacchi M.52 was 18 seconds, in a
slight head wind, and 25 seconds in flat calm.

Translation by J. Vanier,
National Advisory Committee
for Aeronautics..
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No,

T

2

3

4

5

6

?

8

Year

1913

1914

l~lg

1s20

1921

1%2

1923

1924

Date

April [

.4pril
20

Se@.9

Sept.
21

Aug.11

Aug.12

Se?t.
28

Cct.25

Place

MorM>co

Monaco

Bourne
mouth

Venice

Vsxice

Naples

Cowes

Balti-
more

TABLE 1. SURVEY OF R.4C3S
I

laps

km
28X1O

2!3Xlo

10x36

10x36

10x36

13x28

5x68

5x68

Course coun- Air- !
I ~Speed

‘hp.~t@ try Ofl ?ilot plane ;Ihgins
tal wimcr i I\ type ~

.-

360

360

Z60

365

340

340

Italy

Italy

lhg-
l~ad

I I
!

270 ~ecision - fog
1

I

l!L. Bo- [Savoia ~Ansaldo,5001172.5
10gria ~ S.19 I

jflying II
Ihoat III!

Ilsotta-2Q0178.SG. di ~Macchi
ErigantilVII Fras-

‘flying chini
,boat DD !I

H, Biard~Super- .Napier‘450!234.5
imarine ~ Lion ,

U.S.A.19.pit- lC~rtiss ICurtiss4651285.4
] ten- ~ CR-3 D-12A
; house IfloatDll,
I I !

Postponedfor lack of entries

Remarks

Ivaluateds>eed only

72.6’m/h

I&mining e~try
(J%mllo) not recog-
nized ‘Gecauseof fog

Actual speed about
4 lan/hhigher

Only U.S. entries
ready
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No. Year

--t
9 1925

10 1926

11 i192’7

12 ~1929

I
b

K ~ 1%1

!

I

-i__

‘

Date Place

Oct. 26 Balti=ore

Nov. 13\Hsmpton
Roads

I
S@ .26 Venice

!

I

*[S.ept.161Lee-On-
1 Solqlt

I
1

D?), bi21a,ne
ZD, low-wingmonoplme
MD, rid-wingmono?lans

TABLE I. S-URVXYOF RACES (Cent’d) *.
1

Course \ Coun-

-1---laps to- try of
tal

_kELkU ‘inner
7~5Q 350 ~.so~.,

7x50 3501 Italy
I

7X50 350 Ihg-
Lmi!

I

Pilot
Air-
~lane Ihgine

Curtiss
R3-C2
float
DD

Macchi
M.35
float
TD

Super-
~~rine
~*5

float
TD
Super-

Curtiss
v-1400

Fiat

AS II

?a?ier
Lion
VII E

Rolls-

! Royce

IR
I

Rolls-
~Lojrce

, R

Speedi
hp. Remarks

:km/h

880 396

875 453

1950 529 I

I
t
I

I

2300 547.3!
1

I

n.

(-J
o
5
&

P
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Airplane

Dep@rd.min. ED

Nleuport. ED

Sopw!th. DD

F. B. A.. FlYkTM.DD

S.voia. *S.13..
s,p@,n;P:D,

~;mbvt.DD
!hg~; :;;..

31acclI,.,M.19..
6brTb,.,.DD

8.ppm.rln*..*a.
Umlh.wqbQ.r.DD

.S4,.Qia .sS. 51..
FWWD..I.lI,,. D

curt,, s..cR.3*.DD

,

Table~.~nl~iesinSchneiderTrophyRace,1913 -193L

.

.

.

.
,

.jlS.,O1 . ...9.65.- 1 . *
z..gln., .TD

Fiat.SC.191.TD Im . I

+

ulcchi. *M.67. -TD Im . 9

Pi. EKi O.* P7.. TD 1~ rqi;.r z y;::+
<?,.. +1.3,]

S.permarlne 1s31 @gd z F1.a+s
,sf, .D, .TU

S.permarine - 10.I1 .
m6. .B.. TD

De a.rd. ssi.
b

d a~cad LAP+
$0 .1913. El] Im

Bernard .S. J. M. D.. JlM4 ~~~r .
,Fo,b+u V.2. Nll ,
Lmird. !Su !wr. lMJ ,~~~ .

AZalu!iop.. N
Oranvillo. KN+Uen 1%11 m~;d .

S.wwwbkr#.TD

Power plank

,.,
Onbnle. ‘1000{MO
Rot *q

12.0.0Mm

O“bme. Nm/ lW
mm.. n.rn!y ,ms *M

ISOLL.. FM. 31??lam
mhini IV.6. 8
Ansaldo. ml

}E. z8,
1s011.. Ma 1703

Fryi:]; ini
720

:;y:i:. w Zml

Hisp%nc.. m .“
S.iza

C,F.;;A.,. m 2,U0

N,; :i,r 676 m
7

:K,y: 819 %?W

%apier. mm 2Tca
,L,on.v1l D.
cu#& SIX

Napier. 81s .
,Lim. VII D,
,I,l,A. S.IN sol

Prgel.

2 Wmdhl.dl
C.h. uvi4re

1 W-d bl.d

1w-d m.d,
Ch..3i*rc.

(R4,h..)
4 M.d,,,..’.

(Push..)
,,

&wJ.jij’:i%lw;
,W. w IMWU,.I{VUI

.W.whihley. JM) ?41UI 2UI.MC1J71
Mq,..lu.iw.
,l,. ,vl, i,l, cy. Xr, WI”, !2”1.M,.,.l
V,,,,. J,,,,,<,,.

lDinLensions Iweightsl I I

WI M&l %T,56,8 6,1 0% Z.+cm43 8-

2,s0 12,0 24 6,0 6,86 S03 Z&l S24 2J,6 0,1 1323

240 7,7A ,23 2,44 3,4 U4 m 6502a3 8,1 1s3)

19 4.2 Wu m W3 S6 10,0 CJJ3a

%122,278,10/ 10,0 2,33 16,0 730 210 D4D a 3,04 S42

1:;! ?4.5 3,6 14,5 217009,8 4,24 ll%J

9.:6{6 26 3,8 9,05 7S0 m !W4 %,3 ,,12 6,5

1$: 45 U 16,0 240 ?03 27W 62,0 %87 933

%34 3.s 9:, 26,G 3,50 17,0 losn m 14S463,8 3,9 ea3

10;4 23,0 423 13,0 7S0 S@ 124047,0 3,.2 610

Z,6Q2,346,4/ I3,7 2,93 3s.0 ‘am Zm 1240W,4 2,s3 MO
flu
u:; 26,6 3.33 21,6 K-ml2-SD1470b3,5 Z@ w

2.24 3,1 e,sj 13,2 3,1 47.0 w 353 12.?4 92 1,9s w

!,s 9,72:17 14,1 2,P.dUJ,o Ml am lm 8s,6 1,1’5 Ha

9?; 16,0 6,3 28,s MD 315 12.35S3,5 2,6 5m

9,’2.5 12,.9 0,7 53,8 I lW m ]W3 11.5 214 6?.s

9,36 14,3 6,0 au 13m 316 1016 111 2.!32 S6.5,,

y~ 13,7 3,1 61,0

1,203JW 8:15 10,0 0,% S3,5 1Ml m 1S.%3lM 1,s0 37.5

(13 %90 8,13 10,6 02.3 81,11 1W3 m 138) 1s3 l,SD W

!,?4 8,40 13,6 C@ w Im 270 1270 M 1,46 m

KM ?,4sa,w/ 12,0 3,S4 72,2. IC2SIno 1s50 112 l,m 2,3
Sds
3.ss 13,7 0,12 ?T,6 15S0 In 1,62 29S

1,37 0,10) 20.0 4,1P.02,5 1310274Xu4 lM l,M “*

!,90 5,.5aM 13,6 0,12 146 Ml 65023SLI177 1,32 m

!,24%s2 8,0 10.8 e,cs 113 1w 4m1 w Im ],M Ss3

7.30 10,2 C,W 101 .1 4m 145 1,41 m6

0,6 13,8 4,3 10.3 m m 1,11 618

0,3 7,25 6,.5 137 .1 lW 14n 1,C@ 174

W 13.3 t“ NM .1.*lu~ 1“! W 378

0,76 ,& 6% m .1 W 177 1# fi7r,

;78 (7,3) 0,16 1.7$ 8,2 171 3)70 SU127*, .ar? ).18 271

U,M 13,5 n,2 1!33 nin . .
:ml awl

,201 ~W ] 0,018,18 16Jn

!I,w‘11,!1w ‘rd,n

1 II I1“1
,:ll:l::j !;.:, ::

w m,ni4w# ,i,m 1,>,4 4U 7 .TW 1111ml LN1 4M

I I
.48 %82 7:15 7.4) 7:1 ‘m.o ,d):m,p,l, ,4,/ ,,!S, ,,,,

SpeedsICO

~
~~d

q,:
13&fj
z~fr.

m
111
El

z
IEl
m

218

m

RI

El

m

El

IZl

[3B1]

El

El

E

[w’]

-S43]

[a+]

[444]

E’EJ

[641]

m

[42D]

[477]

[E&]

l(m)]

El

IIrii]

El

Iulll

El

m
I

3,0

4,22

14,3

4,26

9,2

0,3

10,6

11,3

1S,6

18,4

12,1

13,6

!.3,4

11,8

13,4

13,4]

19,8

U*

m,s

1s,7

11.4) ~

:1,8) ~

36,2]

25,0)

18,0

23,0]

18.6

1+3)

:1,2)

IS,3)

33,2))

17.1

m.?)

R-

EM

7,(I

11.4 I

Ipu}edfli@terfOrmanct
g~ ,

Ill

~, O-..2*:
as~<tiEu;

[ Rema~ks;g“;E.2;; ,
:: :L’L:X~ ,

am ml /’

~: %2%4:

1913 winner

2,6 w 2

4,106: J

*,O 4,74 4

2s 16,5 ,. 6

v 11,3 8

2,181%2 1.3s7

W 12,9 8

2,M 1s,22,3s9

1,ss13,9 10

2s 18,?1,41111

2,4 ,9$ 2,ti11

t76 23,32,3s13

SJ ,2s,7%41 14

1,3sI2),02,X M

w) 23.312,34)16

tm 24,s 17

WI 13

S,78m: 3,1110

Mm 31,2m m

I,m)34,3(mq !1

w) 33s (- 22
3,0s)

17] 23,.5 n

!.71}ma ad

1,4 41))2,0126

w 33,4(3,071S3

W %.8 , 27

MS) 2s,4 m

1,92) 4$3. a

;, ::~ ; j

Fuel line failure,withdrawn
1914 winr3cr

Lackaffuel,withdrawn
Fa5tetstin1919 race

19,20 winner

1921 ,!

~orccd landing due io fire
197.2 winner

2nd. in 1922

1923 winner

3rd. in 1923

19.25 winncr,396km/h, 3km course
2nd. in 1925
3rd. in 1925

Wing fluiier, craahcd.
1926 winner
2nd in 1926

19Z7 winner, 514k3n/h,3k~coU~~e
Znd in 1927
Crashed during trial,(+za km/h m.#)

Forced landing, damaged spinner
World speed record, Venice, 19z7
No+ ready
1929 winner, 575 Xm/h,3~ ~oUrSe
World speed record,19Z9, 56S km/is

. . 192e, 512 J3km/’h
Nok eniered

,! ,..
,.

Not flown in fimal form, Computed v_

1931 winner

,,1(M WI :1,133’7 WorldSWd “cord 0“.. 200 km =O”,S %10 l+.,

m . 3.20083 -ft. m-. ,...63s = sq.-. k~ x z.z04.z . lb. kgim-x .zo481e = lb.lw. +t. km/11 x .6z137 =mi/hr. ks’x 10.71SZ = lbJ lcS/hp x 2.20462 = \b. fhp.



Type

Type offloat

Ste? of float

~pterial of fl~~t

Float length (mm)

Float width at
!Eaximm section

\rmfi)

Flo~t height at
m~,xi.~msection(mm)

Float spacing (mm)

l!~imn cross sec-
tion (m=)

Float displace-
rnmt (i)

I

Nieuport ‘Sopwith
Ell DD

+

1913 1914 —
2 main 2 main
flo?ts flo2ts
1 stern 1 stern
float flOat

main unstepFed

float !
parti~lly
stepped

wood

3152

800
(240 mm
at edge
of step)

400

2800

0.32

-680

*OOCI

2500

500

450

0.23

380

>loster ~ Short
IV “Crusader”
Im I
192? /

2 flaats

1 ste2 ‘

~~r~l~in

5820 ~

S58

583

1970

0.28

I

1060

‘I’D

1927

? fl~atS

1 step

iuraluri~

5530

635

600

1980

0.29

980

Super-
marine
S.5 ~D
1S27

? flOatS

1 step

duralumi~

B3 5&20

StB 5800

674

682

2290

0.295

BY Sso
stB 1190

;upenna-
‘ineS.6
!D(S.6B)
1929

2 floats

1 step

:uralumir

33 58~

(-’”7200)
;tB 6180

800

2290

(aver-

%:0)

Kirkham-
Packard ,

DD ~
1527

2 flo~ts

1 step

wood, sheet
metal bottom

6180

1020

2440

1400

H
a)

●



TABLE 111. FLOTNI’1ONGEARS (Contid)

I
Nieuport Sopwithi

Type ED DD

1’S13 \ 1914

Float surface (m’) \ -74 ~.-4.7

I(includ-
1i~g de-
!1fleeting
Ivnnes)1

Float weight (kg) \

Maxim.uii:w?ter I
resistance (kg) ~

1

Location of step ~lststep:
,?ftof >.ose (Yn) i 1050

12d step:
\ 2050

!l!ot~lweight (kg) ~ 850 650

17

m X .05937= in. 1 x .035314= Cu.ft.

9.2

2e%l

1273

52.5

594 kg
at

34 km/h
“-:317(3--.

2380

e7

127

5240

2064

35

ED, monoplane
3E, p.~rt(lc.rhoard)
StI+,stzrhard

0
g

c-xl
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Figure Z.- Speed of racing planes, 1913-1931. (The figures from
1 to 37 refer to the running numbers in table 11.)
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WA. CA. TechnicalManorandxxoNo. 712 S’igso3,4,5,6,7,8,9

#l@uM 4.- Supermexine S6, 1931,

(2~m @ R.R,
uater oooled) designer R.J.
Mitchell (see also Figures 33-36)

ngure “t.-Savoia S 19, 1920, 500
hp Ansaldo, desi~er

R. Conflenti.

Figure 3.- Deperdustiinseqlane
1913, (160 hp Gname

rotary),designer B6,@uYau,no step.
v;,.,.

Fiwe 5. Sopwith ‘Bab# ,1914 (80 hp
single oylinderGnome,

rotary), desi~er Fe Sigrist. This
type mss used during 19142916 as
scoutend bomber against ships when
,fitted@th, two bombs-of ~ ~ each.....
,,... ...., ,,..”..,,,,,’,., ... ,.

,. .. .

Figure 6.- Savoia S 13, flying boat
1919, 300 hp I.F. 6 cyl-

inder water cooled engine. Convert-
ed navy pursuit, designer
R. Conflenti.,.

Figure 8.- Macohl M VII,1921,250hp
.......

I.F. &signer Tonini.
Figure 9.- Mac&i M 19, 1921, 720 hp

gist, designerTonini.

.
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N.A.C.A. TechnicalMmorendum Noi 712 Figs. 10,11,14,15,16917s18
.. -.-,,. .,>, .,, ,.

Figure 10.- htis~ CR3, 1923, 465 Fi~e 11.- ~tiss-~~–~-2~ 1925,
— .—

hp C@iss, designer 625 hp Ou.rtissengtie,
T.P. lfri~ht. - atan4maw T-P. Ww+mh+

,.:.;imzi3
Figure 16.- Gloater III, 1925, 700 hp’,;.,;,:::;,,::,,

Na ier engine, designer
t

+($$

H.P. FolWnd, wing radiators)
,. ..- ,,,,;,,,:. ...... ......,, :(

.::““ :: ,. ,.,,,..,f,:’.,,,‘:,;,,.., .,.:,,,,:,;;,,.’..:,.:..,.>,.,,. .’ .“ ,-.,,

b.”” Figure 14.-
.$~: h--”’ ~~r ?:G””*-””m”

Dornier racing desl~

~P
1924, wind tunnel model..,;+:;:: ,..,., ,,,,. ... “’,.%,’,’,:

Figure 18.- Macchi M 39, 1926, 800
“hp Fiat engine, Figure 15.- Dornier racing desi~ !

desi~er Castoldi. 1924, wind tmnnel model.



1925, three
drawing.

Figure12.-
/’

Figure13.-

of J&ary 4 1924 ~.-.l.

(

Cmtiss
R3 C2,
view

/ -t-.\
/“ I ‘\

DornierM

with 450 hp Curtiss
engine,desi~ __ ——.— —.
speed330 lun/h (205–
m.p.h.) Note the I
float design.
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Figure 20.- SupemnerlneS 5, 1927
875 hp Napier engine,

designerR.J. Mitchell

t

two 1000 hp ~ines, ‘ *’ .~~
exhibitedat the ILA. 1928.

:??;~~;yj’::’ ,, ..&w::i: : L:;:~.3;:<;,:,% ‘- ,, . ,~;c

.; .’, !.,,,-

Figure 21”.-S&rt’f~Crueadq 1927;
air cooled 870 hp

Bristol Mercury radial engine, only
modern high speed racer with air
cooled engine, design speed acmr~
ing to model tests, 425b/h [264

Yigure 26.- Savoia S65, 1929, two m.p.h.) designer W.A. Bris~ow~---
970 hp I.F. engines,

desimer Marohetti. m

?igure 27.- Savoia S65, 1929, two Figure 22.- Gloster IV,
970 hp I.F. engines, hp Napier,

designerllaan%etti. designer H.P. Follan&

1927, 875
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Figure 23. Gloster 13ZB11927/1928
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..- X’igure24.- Kirb-

Packard.
Viillims-X,1927,
1250@ Packrd,
designer,Kirti -
Tilliams

Yigure 35.-Super-
marine––

S 6 B, 1931,2300-
2600 hp R.R. engine,

designer
R.J. Mitchell
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N.A.C.A. TechnicalMenorandm No. 712 Figs. 28,29,30,31,32,33,3%36

. . .

2300-2600 hp R.R. engine
designerR.J. Mitchell

Fi~—e 36.. Dornier design 1931, two
2000 hp engines with

direct propeller drive, desi~
epeed 650 km/h (403.9m.p.h.)
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I _ ~~—- Dcperdussin ED(lWZ)— -.._.
““ (Saulniei-B)~– Sopwith DD (1914)

-_. ..— .—

11 ---~~z~~-–l~ieuport ED (1913)
(Eiffel lYT52;TTieuport)

111 –cx_xl._===-
(Curtiss C- 52)

Iv –<:-_-:-.’- _>
(R.A.T. 30)

—-.
v _—- —...—-.—.-.—-.—-—----

(R.A.7. 25)

VI
_ ~y—..

--.——— ———. —--
(E.A.C..4. “1.;6 “)

Curtiss CR3DD (1923)
‘ICirkham-Williams i)D.

(1927)
–Supermarine S~TD (1927)
lj~ingand horizontal
tail sarfaces.

–Gloster IV DD (1927)

-..

Gloster VI TD (1929)

Gee Be,zsugcrsportster
To (1931;

planes.

!1s ,?1!

Figure 3&.- Frontal area or ~I1giilessu}~erimposedon maxinrc.m
cross section oi fusela:ye1S24--1929.

Figure 39.-

Supermarim
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